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SECTION 18 
COUNTER CIRCUITS 


PART A. ELECTRON-TUBE CIRCUITS 
POSITIVE DIODE CUUNTER. 


APPLICATION. 

The positive diode-counter circuit is supplied uniform 
input pulses, representing units to be counted, and pro- 
duces a positive output voltage, the average value of which 
is proportional to the frequency of the applied pulses. 
Counter circuits are employ ed in the frequency-indicotor 
cironits of eleot Gf COUlLING devices. 


CHARACTERISTICS. 

Input pulses must be of constant amplitude and of equal 
jonj a counter circuit must be preceded by limiting 
and shaping circuits to ensure uniform amplitude and width 
of input pulses, 

Output-pulse polarity is positive; average d-c output 
voltage level is determined by input pulse-repetition 
frequency. 


CIRCUIT ANALYSIS. 

General. The positive counter circuit is used in fre- 
quency-indicator (timing or counting) circuits which depend 
upen the output pulse amplitude and time duration for 
accurate indications; therefore, the input pulses applied to 
the counter circuit must be of constant pulse amplitude 
and pulse width (time duration). The counter circuit is 
preceded by limiting and shaping circuits so that the only 
variable element in the countef-circuit output is the rep- 
etition frequency of the input signal, enabling input-frequen- 
cy variations to be measured accurately. A felationship is 
thereby established between input frequency and overage aut- 
put voitage; as the input frequency increases the output 
voltage also increases and, conversely, as the input fre- 
quency decreases the output voltage decreases. Thus, the 
positive counter circuit, in effect, /’counts’’ the number of 
positive-yoing irput pulses and produces an average d-c 
output voltage which is proportional to the input repetition 
frequency. 

The output of the positive counter circuit can also be 
used to produce positive trigger pulses to synchronize 
Laan’ of blocking-oscillator or multivibrator circuits 
wily th: ut pulse-repetition frequency. The hasic po: 
counter circuit can be easily modified to change it to a 
Step-by-step counter circuit (described Ioter in this ser 
by substituting 4 capacitor for t esistot GCICSS: the output 
terminals, This modified circuit is referred to as a frequeney 
divider, because the output wigger frequency is usually 
made a submuitiple of the input pulse-repetition frequency; 
the circuit is used in triggert-generator circuits of radar 
modulators and indie 

Circuit Operation. A basic positive diode counter 
circuit is snown in the accompanying illustration, together 
with typical in i f Chi 
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output voltage is developed. Electron tubes V1 and V2 are 
indirectly heated diodes; the filament (heater) circuit for 
the diodes is not shown on the schematic. 

Initially, capacitor Cl assumes a charge (reference 
level) which is determined by the d-c voltage (if present) 
of the preceding stage. Once capacitor Cl is charged to 
the level of the upplied dec voltage, the circuit remains in 
@ quiescent condition until an input is applied; the output 
voltage at this time is zero. 

Pulses applied to the input of the counter circuit must 
have constant amplitude and equal time duration, since the 
counter circuit is intended te produce an output voltage 
which is proportional to the input pulse-repetition frequency. 
For the purpose of this discussion, assume that the input 
illustration is applied 


to the input of the counter circuit. 
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Basic Positive-Diode Counter Circuit and Waveforms 


Waen ine postuve-going ieading edge of the input wave- 
iorm occurs, the voltage rises suddenly. The charge on 
coupling capa t vange instantaneously; there- 
fore, the plate of diode V2 pecomes positive with respect 
to its cathode, ond thediode conducts. Current Hows through 
the series circuit consisting of load resistor Rl and diode 
V2 to charge the capacitor, Cl, Since the charging current 
flows through the load resistor, Ri, a pulse voltage is 
d across the resistor and is supplied as the output 
the Countes circuit. 
hon the Cassel) uuiling edge of the input wave- 
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charge on coupling capacitor Cl cannot chen 72 instantane- 
ously; therefore, a negative voltage appears across diode 
V1, (This negative voltage is equal to the charge pre- 
viously obtained by capacitor Cl from the conductior. cf 
diode V2.) Since the cathode of diode V1 is now negative 
with respect to its plate, the diode conducts and discharges 
capacitor Cl to its initial value. The circuit then remains 
in a quiescent condition until another pulse is applied te 
the input. 

If it were not for the fact that diode V1 discharges the 
capaciter each time a pulse is applied to the input, capacitor 
Cl would soon charge to the peak value of the input wave- 
form as consecutive positive pulses were applied. Asa 
result, no output would be obtained becavse the circuit 
would be rendered inoperative. 

The charae time of capacitor Cl is determined by the 
value of resistor R] and the low intemal! resistance of 
diode V2 when conducting. The discharge time of capaci- 
tor Cl is determined primarily by the low intemal resistance 
of diode V1 when conducting. Thus, the time constant cf 
the discharge path is always less than that of the charge 
path; therefore, within certain limits imposed by the R-C 
time constant and the applied pulse-repetition frequencies, 
the circuit is always in condition to accept the next posi- 
tive-goirg input pulse. 

From the discussion given in the previous paragraphs, 
it is evident that there is an average current flowing through 
resistor Ri whenever pulses are applied to the input of the 
circuit; also, a pulse voltage is produced across resistor 
Rl for each input pulse applied to the circuit. Thus, an 
average voltage is produced across resistor Rl which varies 
in accordance with the repetition rate of the input pulses; 
the average voltage increases as the input frequency in- 
creases, and vice versa. Since the output voltage level 
changes in proportion to changes in the repetition frequency 
of the applied input pulses, the output voltage can be fed to 
a succeeding stage which controls a suitable indicatins 
device. The indicating device, in tum, can be calibrated 
in units of time, frequency, revolutions per minute, etc., 
based upon the relationship of output voltage to input 
frequency. 


FAILURE ANALYSIS. 

General. The positive diode counter circuit is a re- 
lctively simple circuit consisting of only jour components: 
diodes V1 and V2, capacitor Cl, and resistor Rl. For this 
reason, failure analysis is somewhat limited. 

Initially, the input signal to the counter circuit should 
be checked to determine whether it is present and has the 
correct amplitude and pulse width. 

A visual check should be made to determine whether the 
filaments (heaters) of diodes V1 cmd V2 are lit and whether 
the filament circuit is complete. The diodes should be 
checked in a tube tester, or, as an altemative, diodes known 
to be good can be substituted and the operation of the cir- 
cuit observed. [If diode ¥1 is open and fails to conduct, 
capacitor Cl will charge to the peak value of the applied 
input pulse and, once the capacitor is fully charged, no out- 
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-erefore, in some cases a +c potential 

at the input to the circuit. If coupling capacitor Cl] 
should become leaky (o: shestea), ¢ voltage-divider action 
will occur. ror this condition, it is likely that diode VZ 
will conduct at all times, and a dc potential which is above 
noma] will be developed across resistor Rl. Capacitor Cl 
can be checked with © suitable capacitance analyzer; 
tesistor R] can eter to determine 
its resistance, 


ed with cn ob 


NEGATIVE DIODE COUNTER. 
APPLICATION, 


The negativediode counter supplies a negative voltage 
output directly proportional to the repetition rate of incoming 
pulses. The negative diode counter is commonly employed 
in radar timingcircuitry. 


CHARACTERISTICS. 

Input pulses must have uniform width and amplitude; 
only repetition rate may vary. 

Usually preceded by limiting and shaping circuitry. 

Develops a negative voltage output directly proportiona) 
to the repetition rate cf incoming pulses. 

Always returns to quiescent state between pulses. 


CIRCUIT ANALYSIS. 

Generali. The negative diode counter circuit is used 
as a frequency indicating device in radar timing circuitry. 
With some modification, the diode counter may also be used 
as on far detector, a frequency divider or, when used in 
conjunction with a blocking oscillator or multivibrator, 
as a synchronizer. 

Briefly, the negative diode counter furnishes a neqative 
voltage output directly proportional to the repetition rate of 
the incoming pulses, provided pulse width and amplitude 
does not vary. If therepetition rate of the pulses in- 
creases, current flow through the load resistor also increases 
(occurs more times per second) and consequently the tota! 
yoltage developed also increases. 

Basically the diode counter utilizes the characteristics 
of a capacitor and diode to perform its function. The fact 
that a capacitor takes a finite time to charge and that a 
diode only conducts when its cathode is negative with 
respect to its plete, allows a voltage to be developedacross 
the load resistor which is proportional to the repetition rate. 

Circuit Operation. A basic negative diode counter, 
along with input and output waveforms, is shown in the ac- 
companying schematic diogram. 
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will net be an output. Thus, “v1 acts as an eBtPGh switch, 
while V2 operates as a discharginy diode. Since the circuit 
is to function as a frequency indicating device, it is neces- 
sary that pulse amplitude and duration petals the same 

for each pulse, with only the time & | 
tition rate) being allowed to change. fHeneo, the nective 
diode counter is usually precedes by Jimiting and shaping 
reutnat Beehts 
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As the nequtive leading edge of the initial incoming 
pulse cppears at the input, capacitor Cl heyqins te charge; 


it is known from. basic theory that a capacitor ic 


uo chutye insiuelaneous ty. Consequently, at the first 
instant: thoisiqnall’ is ee the peak neaative voltage ape 
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It is essential to remember that the circuit isretumed 
to a quiescent coridition each time the incoming input puls 
teturns to zero level, regardless of the pulse repetition 
tate. Referring to the schematic diagram it can easily he 
seen that charqe current, (current flowing in the circuit 
while Cl is cherging) flows through the combined resis 
of V1 ond Ri, while discharge current (current flowi: 
the circuit while Cl is discharging) flows only through 
the conducting resistance of V2. For example, if we assi¢n 
the load resistor and the conducting resistance of tre 
identical diodes ¢ resistance of 10 thousand ohms snd 15) 
ohms, tespectively, 
rent flows through 10,16 


ance 
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while disch 
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goltada across ; the output varies in direct p 
input pulse repetition rate. Hence if the repetition tate 

(frequency) if the incoiiing pulses increases, the veltaye 
across Rl also incre: + In order for the ci 
as a frequency couriter, some method must de c 
utilize this frequency — voltage variation to operate 
Indicator. The following schematic chagram represen 
simple circuit which may be used to perform th 


In this circuit the basic counter is fed into a low pass 
smoothing filter, which controls on electron tube with a 
cathode current meter calihrated is units of frequency. 
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filter network consisting of C2, RZ and C3. In this applica- 
tion the purpose of the filter is to smocth out any rapid in- 
crease or decrease in output voltage thus providing con- 
tinuously smooth operation. 

The filtered neqative counter valtage is applied as bias 
to the gird of V3 and varies the plate current which flows 
through a meter in thecathode of V3. The meter is linearly 
calibrated on the front panel to indicate changes in current 
as a linear frequency change. For example, assume the 
circuit is operating and a specific frequency is indicated on 
the front ponel meter. As the repetition rate of the pulses 
increases, the average voltage across the load resistor also 
increases and a larger bias is applied to V3. Plate current 
through V3 decreases, and as current through the meter 
decreases, a higher frequency indication is evident on the 
calibrated meter scale on the front panel of the equipment. 
If the applied frequency were to decrease, the opposite 
effect would occur and a greater plate current flow would 
produce a lower frequency indication on the meter. 


FAILURE ANALYSIS. 

No Output. Because the basic circuit only incorporates 
four components and operation is relatively simple, detailed 
trouble analysis is not necessary. If trouble is experienced 
with the circuit use an oscilloscope to check the input 
pulse train for uniform width and amplitude. Also check 
both diodes. Ifthe trouble persists, check the dc resistance 
of Rl with an ohmmeter. Also check the coupling capacitor 
Ci with an in-circuit capacitor checker. 

Weak Output. It a weak (or incorrect) output condition 
exists, check the input pulse train for uniform width and 
amplitude using an oscilloscope. Also check both diodes. 
Check thedc resistance of H] using ar. chmmeter and also 
check Cl with an in-circuit capacitor checker. 


STEP-BY-STE P COUNTER. 


APPLICATION. 

The step-by-step counter is used as a voltage divider in 
electronic equipment when it is necessary to provide a step- 
ped voltage output to a relaxation oscillatur or any other 
device requiring a stepped voltage trigger. 


CHARACTERISTICS. 

Provides a stepped voltage output. 

As the number of input pulses increases for one pulse of 
output, the counting accuracy decreases. 

Utilizes two diodes. 

One step out occurs for each cycle of input. 


CIRCUIT ANALYSIS. 

General, The step-by-step counter (commonly referred 
to as simply a step counter) provides an output which in- 
creases exponentially in such a way that the output increases 
by a one step increment for each cycle of input. Ata pre- 
determined level, the output voltage reaches « point which 
causes some circuit, such as ¢ relaxation oscillator, to be 
triggered. 
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Circuit Operation. A schematic diagram of a step counter 
is i}lustrated in the accompanying ficure, 


OUTPUT 


Basic Step-by-Step Counter Circuit 


With no signal applied at the input, there is no out- 
put. As the input signal is applied, and increcses in a 
Positive direction, the plate of V2 becomes more positive 
than its cathode, and the tube conducts. When V2 conducts, 
capacitors C] and C2 begin charging. The action of the 
counter can be best understood by referring to the figure 
below. Since C2 is larger than Cl (for the sake of explana- 
tion, we will assume it to be ten times as Jorge, and that 
the peak voltage of the input is 100 volts), ©! assumes aine 
tenths of the input voltage and C2 assumes only ore tenth, 
or in thisexample, 10 volts. At time t,, the input to 
¢ negative value, and V2 is driven into cutoff. At the same 
time, the cathode of V1 becomes more negative than its 
plate, and conducts, discharging Cl. The churse on C2 
temains, however, because ithas no 4 arae path. Thus, 
there is a d-<c voltage at the output » equal to one 
tenth of the input. At time 1,, the input again increases 
positively, but this time V2 cannot conduct until the input 
becomes greater than 10 volts, the charge on C2, At this 
level, V2 conducts and C2 again cherges to one tenth of the 
total available voltage. The tote! available voltage at this 
time, however, is no longer 100 volts, but 100 volts minus 
the 10 volt charge on C2. Thus, the first cycle of input 
Produced a ten volt charge on C2, but the second cycle 
added only an additional 9 volts, which is cne tentn the 
quantity of 100 volts minus the 1C volt cherge on C2. By 
the same token, the third cycle adds only one tenth of 81 
volts, which results from 100 volts minus the 19 volt charge 
on C2. Each additional cycle provides an exponential in- 
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crease in thesame manner. It is for this reason that the 
accuracy decreases cs the ratio increases, because as tre 
tatio becomes too great, the higher steps become almost 
indiscernable. 


VOLTAGE OUTPUT AGIROSS Co 


\ 2 3 4& 5 6 7 8 3s 10 
NUMBER OF PULSES APPLIED TO INPUT 


Waveform of Step Voltage 


When the counter is used to trigger a relax 
the oscillstor dias is « Jjusted to cause triggeri 
Specific step. When the relaxatic illstor ch 
current, it Hscharyes 72 uid the cycle repeats. 
counter thezefore becomes a frequency divider, supplying 
One outout trizger for a number of input triagers. 

As trevios foned countiny stab 
charging rete st capacitor C2. i 
a larye number, for example, 24, a 


used. A more stable metho? of counting 24 wouldhe to 
use a 2:1, 2 3:k j count 
counters operate on retios of S:] or less. 


eri gseade. Most star 
tin cascade, Most step 
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PART 8. SEMICONDUCTOR CIRCUITS 
POSITIVE DIODE COUNTER. 


APPLICATION. 

The positive diode-counter circuit is used to count 
pulses and provide frequency indication. It is main- 
ly used in electronic timing and counting devices, but 
it is sometimes employed as a frequency divider and in 
elementary types of computers. 


CHARACTERISTICS. 

Requires an input pulse of constant amplitude and 
time duration. 

Provides a positive output voltage with an average 
d-c levei that is proportional to the input pulse 
repetition frequency. 

May be used to synchronize a blocking oscillator at 
a submultiple of original frequency. 

Requires an output circuit to provide a direct- 
reading output indication. 

Reguires that limiting and shaping circuits precede 
it. 


CIRCUIT ANALYSIS. 

General. The positive dicde-counter circuit is 
used in timing or counting circuits which depend upon 
a proportional relationship between the output volt- 
age and the number of input pulses. It may indicate 
frequency, it may count the rpm of a shaft or other 
device, or it may even reqister the number of opera- 
tions. (This circuit is net the same as the binary 
ot decade counter which is used in computers. The 
binary counter is discussed in Section 8, Part , 
Multivibrator Circuits, and computer circuits are 
discussed in Section 19, Logic Circuits). The diode- 
counter establishes a direct relationship between the 
input frequency and the average d-c output voltage. 
As the input frequency increases the output voltage 
also increases; conversely, as the input frequency 
decreases the output voltage decreases. In effect, 
the positive diode-counter counts the number of posi- 
tive input pulses by producing an average d-c output 
voltage which is proportional to the repetition fre- 
quency of the input signal. For accurate counting, 
the pulse repetition frequency must be the only vari- 
able parameter in the input signal. Therefore, care- 
ful shaping and limiting of the input signal is es- 
sentiai to ensure that the pulses are of unif 
width, or time duration, and that the amplitude is 
constant. jmen properiy filtered and smoothed, the 
d-c output voltage of the counter may be used to oper- 
a direct-reading indicator. With slight modifica- 
tions, the cil n also be used to contro! a blocking 
oscillator and cause it to provide atrigger output 
which is synchronized at a submultiple of the original 
repetition frequency. (This modification is discussed 
under the Step-by-Step Counter circuit, which appears 


n this sec’ 


sit Operation. The basic vosilive dicde- 


3 Ba OL ea eS 
Cuunter eucull ip snide i tne G 


UKIGINAL 


NAYSHIPS 


900,000. 162 COUNTERS 


Cl CcR2 


———— CHARGE PATH 
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Positive Diode Counter 


tion. Capacitor Cl is the input coupling and d-c blocking 
capacitor. CR1 and CR2 are semiconductor diodes, and 
resistor Rl is the load resistor, across which the 

output voltage is developed. For the purpose of cir- 

cuit discussion, it is assumed that the input pulses 

ate of constant omplitude and time duration, and that 
only the pulse repetition frequency changes. 

Once capacitor Cl is charged, it assumes a refer- 
ence level as determined by the d-c voltage applied to 
the preceding stage, and the circuit remains in a quiescent 
condition until an input signal is applied. Prior to the 
application of the input pulse, the output voltage is 
zero. 

As shown in the following illustration, at time to 
the positive-going input pulse is applied to Cl md 
causes the anode of CR2 to go positive. As a result, 
CR?2 conducts and current ic flows through Rl and CR2 
to charge Cl. Current ic develops an output voltage 
(€o) across Rl as shown in the illustration. 

The initial heavy flow of current produces a large 
voltage across Rl, which tapers off exponentially as 
Cl charges. The charge on Cl is determined by the 
time constant of loadresistor Rl and the forward 
diode resistance, in series, times the capacitance 
of C;. For ease of explanation, it is assumed that 
Cl is charged to the peak value before time ty. 


At time ty the input signal reverses polarity 
becomes neyative-yoing. Although the charge on C1 
cannot change instantly, the applied negative voltage 
is equal to or greater than the charge on Cl so that 
ine anode of CR2 is made negutive, and conduction 
ceases. ‘shen CR2 stops conducting, output pulse eo 
is ot zero, and 1 quickly discharges through CRi, 
since its cathode is now negative with respect to 
ground (anode is grounded). Between times t1 and t2 
the input pulse is again at zero level, and CR2 remains 
in a non-conducting state. Since the very short time 
constant offered by the forward resistance of CRl and 
Cl is much less.than the long time constant offered by 


CR2Z and Ri durin the condu 
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Circuit Waveforms 


input pulse there is an exact amount of charge deposited 
in Cl, For each charge of Cl an identical output pulse 
is produced by the flow of ic through RI. Since this 
current flow always occurs in the direction indicated 

by the solid arrow, the d-c output voltage is positively 
polarized. 

At time ta the input signal again goes positive, and 
the cycle repeats. The time duration between pulses 
is the interval represented by the period between ty 
and tz or between tz and ta, If the input pulse fre- 
cuency is reduced, these time periods become longer. 
On the other hand, if the frequency is increased, 
these time intervals become shorter. With shorter 
periods, more pulses occur in a given time and a 
higher average (d-c) output voltage is produced; with 
longer periods, fewer pulses occur and a lower output 
voltage is produced. Thus, the d-c output is directly 
proportional to the repetition frequency of the input 
pulses. If the current and voltage ore sufficiently 
large, a direct-reading meter can be used to indicate 
the count; if they are not large enough to actuate a 
meter directly, a d-c amplifier may be added. In the 
latter case, a pi-type smoothing filter is inserted at 
the output of Rl, to absorb the instantaneous pulse 
variations and produce a smooth direct current for 
amplification. 

Consider now some of the limits imposed on circuit 
operation. Since the semiconductor diode has a finite 
teverse resistance, there is a flow of reverse cur- 


rent during the periods when the diode is supposedly 
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in a nonconducting condition. Although this reverse 

flow is small at normal temperatures (on the order of 
microamperes), it increases as the temperature rises. 
Therefore, at high temperatures and high repetition 

rates, the average output voltage will tend to de- 

crease because of the effects of diode CR2. Similarly, 
diode CR1 will tend to shunt some of the input signal 

to ground. Thus, the net over-all effect with increasing 
frequency is a progressive decrease in the linearity 

(that is, a reduction in the proportionality of input 
frequency to output voltage}, and at very high repetition 
rates the circuit may become inoperative. Fundamentally 
this is a design problem which can be minimized by 
proper choice of components; it is mentioned here 

merely to indicate why semiconductor circuits sometimes 
do not perform as well as their electron tube counterparts. 


FAILURE ANALYSIS. 

No Output. A no-output condition may be caused by 
an open-circuited coupling capacitor, by defective 
diode CR2, or by a short-circuited condition (defec- 
tive diode CR1, grounded CR2, or shorted load resis- 
tor Rl). This condition can be easily resolved by a 
tesistance check. Observing the proper polarity, 
check the diodes for a high reverse resistance and a 
low forward resistance. As a general rule, the re- 
verse resistance should be 50K or greater, and the 
forward resistance should not be more than 10 ohms 
(these values vary with different types of diodes). 
Also, observe the input signa! with an oscilloscope 
to make certain that is is present; the point at which 
the signal disappears will generally locate the defective 
component. 

Low Output. If CR2 develops a high forward re- 
sistance, the output voltage will be reduced. If 
coupling capacitor C; becomes leaky, either a nega- 
tive or a positive bias will be placed on CR2, depending 
upon the polarity of the previous stage collector or 
plate voltage. A negative bias on CR2 will prevent it 
from conducting, and will clso act as a forward bias 
for CR1, causing it to conduct continually. Under 
these conditions, C; will constantly be discharging and 
the pulse willbe reduced in amplitude (depending on the 
amount of leakage). Heavy leakage may result in no 
output at all, but it is more likely that the leakage 
willbe light and only reduce the output. To check Cl 
for leakage, connect a d-c voltmeter between the output 
terminal of Cl and ground. If Cl is leaky, a constant 
negative or positive voltage will be present. 

High Output. (For a positive leakage voltage 
through C,, CR2 will conduct continually, and a higher- 
than-normal voltage will most probably be indicated.) 

If CR1 develops a high forward resistance, Cl will 

not be completely discharged at the termination of the 
input pulse. As a result, the output voltage will rise 
to a value equal to the de potential applied to Ci and 
remain constant regardless of pulse frequency changes. 


18-B-2 


ELECTRONIC CIRCUITS NAVSHIPS 


NEGATIVE, DIODE COUNTER 


APPLICATION. 
The neqative diode-counter circuit is used to count 

pulses and provide frequency indication. It is mainly 

used in electronic timing and counting devices, but it is 

sometimes employed as a frequency divider and in ele 

vy types of 


wtOTS. 


CHARACTERISTICS. 

Requires an input pulse of constant amplitude and 
time duration. 

Provides a neactive output voltage with an averaqe 
d-c level that is proportional to the input pulse repetition 


May oe used to synchronize a blocking oscillator at a 
submultiple of original frequency. 

Requires on output circuit to provide « direct-reading 
output indication. 


Requires that limiting and shaping circuits precede it. 


CIRCUIT ANALYSIS. 

General. The negative diode-counter circuit is used in 
timing or Counting circuits which depend upon a proportional 
telationship between the output voltae and the number of 
input pulses. It may indicate frequency, it may count the 
tpm of a shaft or other device, or it may even reqister the 
number of operations. (This circuit is net the same as the 
binary or decade counter which is used in computers. The 
binary counter is discussed in Section 8, Past B, Multivi- 
brator circuits, and computer circuits are discussed 
Section 19, Logic Circuits in this Handbook.) The diode 
counter establishes a direct relationship between the input 
frequency and the average d-c output voltage. As the input 
frequency increases the output voltage also increases} 
conversely, as the input frequency decreases, the output 
voltage cles decreases. In effect, the negative diode- 
counter counts the number of negative input pulses by 
producing an average d-c output voltage which is pro- 
portional to the repetition frequency of the input signal. 
For accurate counting, the pulse repetition frequency must 
be the only variable in the input signal. Therefore, careful 
shaping and limiting of the input signal is essential to 
ensure that the pulses are of uniform width, or time 
duration, and that the amplitude is constant. When pe 
filtered and smoothed, the dec output voltage of the 
may be used to operate o direct-teadina indicator. 
q ons, the circuit con also be used to contra! 
@ blocking oscillotor and couse it 10 provide a triqger 


mchronized at a submultiple of the 
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Negative Diode Counter 


CRi and CR2 are semiconductor diodes, and resistor 
Rl is the load resistor, across which the output voltage is 
developed. For the purpose of circuit discussion, it is 
assumed that the input pulses are of constant amplitude 
and time duration, and that only the pulse repetition fre- 
quency changes. 

Once capacitor Ci is charged, it assumes a reference 
level as determined by the d-c voltage applied to the pre- 
ceding stage, and thecircuit remains in a quiescent con- 
dition until an input signal is applied. Prior to the appli- 
cation of the input pulse, the output voltage is zero, 

As shown in the following illustration, at time t, the 
positive-going input pulse is applier to ©] and causes the 
anode of CR1 to qo positive. Asa result, CRI conducts and 
charges CL. 

Cl charges very rapidly because of its short time constant 
with CR 42, but there is no output at this time becmuse there 
is no current flow through Ri At time t,, the input ampli- 
tude suddenly drops from maximum positive to maximum 
negative. The capacitor connot discharge through CR1, 
because the anode of the diode is negative with respect 
to its cathode. The anode of C2, however, is now positive 
with respect to its cathode and begins to conduct. The 
capacitor voltage and the applied voltage now aid each 
other, and they produce a current flow through CR2, down 
through Rl, to around, the result betta as illustrated in the 


diegram. 


, beains to decrease 
a ime between t, 
and t,, the capacitor is sharged to the new voltage, pro- 
zero volts at the Guiput. 
{ time t, the input siqnal oqain aces positive, and the 
cycle repeats. The time dura tween pulses is the 
interval dohy the: pi «and t,, or be- 
tween t, and t,. it the input pulse freauency is reduced, 
these time periods become longer. On the other hand, if 
the trequency is increased, these time intervals become 
shorter. With shorter periods, more pulses occur in a aiven 
time and a hiaher average (d-ci output voltage is produced; 
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Circvit Waveforms 


with longer periods, fewer pulses occur and a lower output 
voltage is produced, Thus, the d-c output is directly 
proportional to the repetition frequency of the input pulses. 
If the current and voltage are sufficiently large, a direct- 
reading meter can be used to indicate the count; if they 

ate not large enough to actuate a meter directly, a d-c 
amplifier may be added. In the latter case, a pi-type smooth- 
ing filter is inserted at the output of R1, to absorb the 
instantaneous pulse variations and produce a smooth direct 
current for amplification. 

Consider now some of the limits imposed on circuit 
operation. Since the semiconductor diode has a finite 
Teverse resistance, there is a flow of reverse current durina 
the periods when the diode is supposedly in a nonconducting 
condition. Although this reverse flow is smal] at normal 
temperatures (on the order of microomperes), it increases 
as the temperature rises. Therefore, at high temperatures 
and high repetition rates, the average output voltade will 
tend to decrease because of the effects of diode CR2. 
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Similarly, diode CR will tend to shunt some of the input 
siqnal to qround. Thus, the net over-all effect with increas- 
ing frequency is a progressive decrease in the linearity 
{that is, a reduction in the proportionality of input frequency 
to output voltage), and at very hich repetition retes the 
circuit may become inoperative. Fundemertally this is ¢ 
desiqn problem which can be minimized by proper choice 

of components; it is mentioned here merely to indi 
semiconductor circuits sometimes do not perform as w 
as their electron tube counterparts. 


FAILURE ANALYSIS. 

No Output. A no-output condition may be caused by 
an open coupling capacitor, by defective diode CR2Z, or ny 
@ short-circuited condition (defective diode C@1, qrounded 
CR2, or sherted load resistor Rl). These conditions can 
be easily resolved by a resistance check. Observe the 
proper polarity, and check the diodes fer a hiqh reverse 
tesistance ond a low forward resistance. As a general 
tule, the reverse resistance should be SCK or arecter, 
forward resistance should not be more than id ohms (these 
values vary with different types cf diodes). Also, observe 
the input signal with an oscilloscope to make certain that 
it is present; the point at which the siancl disappears will 
generally locate the defective component. 

Low Output. If CR2 develops a high forward resistance, 
the output voltage will be reduced. If cousling capacitor 
Cl becomes leaky, either a negative or a positive bias will 
be placed on CR2, depending upon the polarity of the previ- 
ious stage collector or plate voltace. A positive bias on 
CR2 will prevent it fro:n conducting, and will clso act cs a 
forward bias for C81, causing it to conduct continually. 
Under these conditions, C1 will constantly be discharcina 
and the pulse will be reduced in amplitude (depending on 
the amount of Jeokane). Heavy leakaue may result in no 
output at all, but it is more likely that the leakage will be 
light and only reduce the output. To check C1 for leakane, 
connect @ d-c voltmeter between the output terminal of C] 
ond gtound. If Clis leaky, a constant nective or vositive 
voltage will be present. 

High Output. (For a negative leakage volteqe thro::ch 
Cl, CR2 will conduct continually, and a higher-than-normal 
voltage will most probably be indicated.) If CR1 develops 
a high forward resistance, C1 wil] not be completely dis- 
charged at the termination of the input pulse. As a result, 
the output voltage will rise to a value equa! to the d-c 
potential applied to Cl and remain constant reqardless of 
pulse frequency chanaes. 


STEP-BY-STEP COUNTER 


APPLICATION. 

The step-by-step ceunter is used as a veltage divider 
in tronsistorized equirmert when it is necessary to provide 
a stepped voltage output to ¢ relexation oscillator or any 
other device requiring o stepped voltoge triqaer. 


18-B-4 


ELECTRONIC CIRCUITS NAVSHIPS 
CHARACTERISTICS. 

Provides 3 stepoed voltage output which increases 
exponentially, 


As the number of input pulses increases for ene output 
pulse, the counting accuracy decreases. 

Utilizes two semiconductor diod: 

On 


@ 
a 
DB 
3 
2, 
2 
Es 
ag 
8 
3 
8 
@ 


CIRCUIT ANALYSIS. 
General. The step-by-step counter {commonly referrec 
to as simply a step-counter) provides an output which 
in s exponentially in = ay that the output 
by one-step increments for eat i 


eof input. 


Ato predetetwine! level, the ournut veitaae reesres ¢ 
firing point which causes some circuit, such as a relaxation 
tor, to be triaere 
Cireuit Operation. As : 
4 sin she accompanying dlustrction. 
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C2 aqain charges to cne tenth of the total availaile voltage. 
The total availasle volteqe at this time, however, 
Jonger 100 volts, hut 108 volts minus the 10 volt charne 

on C2. Thus, the first cycle of input prod-uced a ten volt 
charge on C2, hut the second cycle added only an additional 
9 volte ich is one tenth the quantity of 10 volts minus 
the iG voit cherze on C2. By the same token, the thi 
cycle adds only one tenth of 8 i volts, which results from 
100 veits minus the 19 velt charqe on C2. Each additional 
cycte provides an exponential increase in the same manner. 
It is for this reason that the accuracy decreases as the 
ratio increases, because as the ratio becomes too qrect 
the hicner steps necome almost indiscemible. 


ee | race eal hae | Reena) (= le 
s0| | t | + ae t 
{ 
os =I Pt 
é ! 
@ 70} 4+— +. 
g | if t 
Se 
ane et Wee ee ae 
| ; 
5 
3 20 +. 
3 
= 30 
5 
Stealer Par eles | ( | 
20 eae + + f 
tf 
10 } ~ t + 
Ps i { | 
a jel i 
° t 2 3 4 5 6 7 a 3 10 


NUMBER OF PULSES APPLIED TO INPUT 
Waveform of Step Yoitage 


when the counter is used to triager a relaxation 
oscillater, the oscillator hias is adjusted to cause tria- 
geting at a specific step. When the 
draws stid curren: scherges C2 and the cycle revents. 
ihe step-counter, therefore, becomes a frequency divicer, 
supplying one output trianer for o number of inout tringers. 
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FAILURE ANALYSIS. 

No Output. A shorted CR1, a non-conducting fopen) 
CR2, an open or shorted output capacitor CZ, or a shorted 
coupling capacitor Cl, may cause a no-output condition to 
exist, Check both capacitors with an in-circuit capacitor 
checker. Check the diodes with on ohmmeter, being sure 
to observe the proper polorities, since an erroneous indi- 
cation may otherwise be obtained. For the special case 
where the diade is not completely shorted, but reads a very 
low reverse resistance of, say 2000-ohms or less, the 
diode may be considered defective. In good condition, the 
diode reverse resistance should be $0,000-ohms or better, 
with a forward resistance of about 10 ohms (these values 
will vary from type to type). 

Incccurate Output Ratio. A low conducting, or a 
complete or partial short of CRI or CR2, or a leaky Cl or 
C2, can produce an inaccurate count. Check both capaci- 
tors with an in-circuit capacitor checker. If an inaccurate 
count still exists, check both diodes with an ohmmeter, 
being sure to observe the proper polarities, since on 
erroneous indication may otherwise be obtained. For the 
special case where the diode is not completely shorted, 
but reads a very low reverse resistance of, say 2000-chms 
or less, the diode may be considered defective. 
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